In order to investigate the possibility of urea peroxide formation in ɤ-irradiated urea aqueous solutions (UAS), energy-dispersive x-ray (EDS), mass (MS), 1H-NMR, and Raman spectral studies were conducted on UAS and its solid residues (SR) that remain after water evaporation. Spectroscopic data of SR for both irradiated and unirradiated samples were analyzed and compared. EDS data showed an increase in the oxygen content in SR of UAS upon radiolysis. Comparison of mass spectrum of RS of irradiated sample and that of urea shows a significant increase in m/z 16 peak intensity of O + as well as m/z 61of M+1in the former. The 1H-NMR spectrum of SR of an irradiated sample shows a signal down field shift of urea protons, as well as the appearance of new signals, which were assigned to H 2 O 2 . The Raman spectral study of both RS and UAS evinces differences in all band positions and intensities for irradiated samples relative to their corresponding unirradiated samples. As a consequence of this study, it seems that the possibility of urea peroxide formation in ɤ-irradiated UAS cannot be ruled out.
Introduction
Owing to the presence of two lone electron pairs in the H 2 O 2 molecule and its specific geometry, it can form peroxohydrates with a variety of hydrophilic compounds [1] . Therefore, in aqueous solutions, hydrogen peroxide binds by hydrogen bonding to several proton acceptor such as urea [2] , acetone [3] and Polyvinylpyrrolidone (PVP) [4] forming hydrogen peroxide adducts. Urea forms spontaneously an adduct (1:1) with hydrogen peroxide, CO(NH 2 ) 2 •H 2 O 2 , i.e. urea peroxide (UHP), which provides a good means for stabilizing H 2 O 2 [2] . This occurs in aqueous solutions due to the higher basicity of urea compared to that of water. The pKa of the first is 26.9 [5] and that of the second is 15.7 [6] . M. Das, et al., studied both the IR and UV spectra of UHP [7] . They reported that the IR and UV spectra of urea and UHP are similar to a great extent. This similarity was attributed to the weak interaction between urea and hydrogen peroxide. UHP, as an oxidizing agent, has been found to be extremely useful in several applications such as bleaching [8] , sterilization [9] , and the removal of metal impurities from silicon-containing substrates (e.g. solar cell substrates) [10] . Moreover, UHP is added to fermentation media in an amount sufficient to substantially reduce the level of bacterial contaminants in biofuel production [11] . Moreover, a preliminary study [12] reveals that second -order nonlinear optical activity (NLO) of UHP is better than that of urea. Accordingly, it has been reported that, NLO has a promising application in the field of opto -electronics such as laser sources.
Hydrogen peroxide is considered to be one of the most important water radiolysis products [13] . On the other hand, urea is relatively stable to ionizing radiation in aqueous solutions [14] . As a matter of fact, the presence of hydrogen peroxide in aqueous solutions increases their electrical conductivity [15] . Moreover, the author of the present investigation has previously reported that γ -radiolysis significantly increases the electrical conductivity of (6M) aqueous urea solution [16] . Taking the previous data into consideration, it was viewed as important to ask a question, could UHP be formed upon ɤ-radiolysis of urea aqueous solutions (UAS)? Therefore, spectroscopic methods, such as EDS, Raman, 1H-NMR and MS, were used for tracing UHP in this solution.
Experimental

Sample preparation and radiolysis
All chemicals employed in this study are of the analytical grade and were used as received. All of the urea solutions (6M) used in this study were prepared using double-distilled water. Irradiation was performed using a 60 Co source (India Gamma chamber 4000 A,) at a dose rate of 2.86 kGy/h, for a total dose of 192.4 kGy. Radiolysis was carried out (at ≈ 40°C) in 50 ml glass bottles with tight glass stoppers which were cleaned using standard methods [17] . Fricke solution was used as a reference dosimeter to determine absorbed dose rates of the radiation facility, according to ASTM E1026-04e1 Standard Practice. The absorbed radiation dose correction was applied for the difference in the electron densities of urea and Fricke solutions. The solid residues (SR) were obtained by the storage of UAS in a refrigerator (5 ° C ± 1) till dryness. The obtained SR is nominated as ppt-1 and ppt-2, for solid residue obtained from unirradiated and irradiated (6M) UAS respectively.
Spectroscopic measurements Energy-dispersive x-ray spectrometry (EDS)
The elemental analyses for C, N, and O was carried out using. energy-dispersive x-ray spectrometry (EDS). The analyses were taken by Joel (JED-2300) equipment. The acquisition parameters are listed below: Acc. Voltage: 30 kV Probe current: 1 nA
Mass spectrometry
Mass spectra were obtained at an ionization potential of 70 eV (EI mode), scanned on a Finnigan mat SSQ 7000 (Thermo instrument systems inc., USA). The direct insertion probe (DIP) was used for the analysis of SR. The temperature programme applied was as follows: 30°C (0.5 min.) to 200°C (1.0 min.) at 100°C/min.
NMR spectroscopy 1H-NMR spectra were recorded on a Varian Oxford 300 MHz spectrometer in DMSO-d6 at 25 °C and referenced internally to the residual proton impurity in DMSO. D2O shake test has been performed with D2O -Merck (>99 atom % D) at room temperature.
Raman spectroscopy
Dispersive Raman microspectrometer (BrukerSenterra) equipped with a 532 nm source with excitation power of 20mW was used, with 50 ˟ 1000mμ aperture setting, to obtain Raman spectra at room temperature. Each spectrum was recorded in the range 50-4500 cm −1 (9-18 cm −1 resolution).
Results and Discussion
It is well known that one of the main water radiolysis products is hydrogen peroxide [13] . Taking into account that hydrogen peroxide binds to urea in the aqueous phase forming UHP [2] , the presence of a C=O dipoles and, to a lesser extent a N-C dipoles, allows the amide to act as H-bond acceptor. On the other hand, the presence of N-H dipoles allows amides to function as H-bond donors as well. Thus, urea can participate in hydrogen bonding with an oxygen atom which can accept a proton. Whereas, the nitrogen atoms can donate and accept proton of N-H bonds [18] (Figure1). Consequently, a model can be proposed in which the C=O group of urea and one of the two NH 2 groups are hydrogen bonded to hydrogen peroxide. At the same time the second NH 2 group is kept free. This model is similar to a model proposed by Ray et al, for the hydrogen bonding of urea to siloxane [19] . Urea is known to be stable towards ionizing radiation in aqueous solutions [14] . The previously mentioned facts led us to believe that UHP may be formed upon ɤ-radiolysis of UAS. Since, γ-irradiation of UAS at ambient temperature (≈40°C) fulfils the presence of hydrogen peroxide and urea in circumstances quite similar to that suitable for the formation of UHP [2] . On the other hand, in a previous work, it was found tha γ -radiation-induced electrical conductivity of UAS is significant at 6M [16] . Taking in consideration that hydrogen peroxide almost increases the electrical conductivity of its aqueous solutions [15] . Therefore, it can be proposed that there is a relationship between the radiation-induced electrical conductivity in the UAS and UHP formation. Consequently, the 6M UAS was selected for this study, since at this concentration the maximum radiation induced electrical conductivity is obtained [16] . At this concentration it was found that the radiation induced electrical conductivity increases up to 250 kGy [16] . Therefore, in order to obtain a considerable yield of UHP, the UAS was irradiated with 194 kGy absorbed dose. In the present work the prospective formation of UHP via the γ -radiolysis of (6M) UAS was investigated by EDS, Mass, H-NMR, and Raman, spectroscopic methods.
EDS
The elemental analyses of C, N, and O was carried out, on ppt-1 and ppt-2 using EDS. The results presented in (Table 1) . include C%, N%, and O% (element % was calculated relative to total C%, N%, and O% values) for both ppt-1 and ppt-2.
Here we focus our discussion on O% of ppt-1 and ppt-2, which was used as an indicator for the total oxygen content in the precipitate. It is clearly shown in Table ( 1) , that O% is higher in ppt-2 than ppt-1. This observation suggests the formation of an oxygen-rich compound in ppt-2. As a matter of fact, it is concluded that the UAS has the ability to form urea hydrate crystal on the positive side of 0 °C up to +15.2°C [20] . This conclusion explains the higher O% of ppt-1 relative to urea, which is probably due to the formation of urea hydrate.
Mass spectrometry
The comparison of a measured mass spectrum to a reference one is an effective intuitive identification method. In our case, peak intensities of the mass spectrum of ppt-2 ( Figure 2A ) differ completely from that of urea [21] ( Figure 2B ). These differences will be discussed in the following sections. (Figure 2A ) that the base peak in the mass spectrum of ppt-2 is at m/z=16. It is believed that m/z=16 is assigned to O + [23] , which can be released from peroxides [22] . When the spectrum of ppt-2 ( Figure 2A ) and that of urea ( Figure 2B ) are compared, it is evident that the relative intensity of the peak at m/z=16 is more abundant in the former. In fact urea peroxide tends to decompose to urea , water , and a single oxygen atom [22] (Scheme 1). Therefore, the formed single oxygen atom can be ionized to oxygen ion (m/z 16) in the ion source.
Enhancement of M+1(m/z=61) peak
M (m/z=60) and M+1(m/z=61) peaks were compared in the spectra of ppt-2 ( Fig. 2A) and urea ( Fig. 2B ). It can be seen that, contrary to the mass spectrum of urea, ppt-2 spectrum shows M+1 peak much stronger than M peak. This could be due to the formation of [urea + H] + . Consequently, a proton or hydrogen atom donor should be present with urea. It should be mentioned that H 2 O 2 is functioning as a hydrogen atom donor [23] . Moreover, it was reported that molecular ion (M + ) abstraction of a hydrogen atom gives rise to ions at M+1 in the case of some compounds such as that contain amino group [24] .
Detection of m/z 34 and 33
Ions at m/z = 34 were detected, which can be related to H 2 O 2 [25] . Moreover, it should be mentioned that another ion was detected at m/z = 33, which was attributed to HO 2 + ion [25] . It was concluded that hydrogen peroxide could be detected via ions at m/e = 33 and 34 [25] . To account for these experimental findings, the following mechanistic model was proposed, supposing the decomposition of UHP in the ion source (scheme 2):
It should be mentioned that ( Figure 2A ) and ( Figure 2B ) are quite similar except peaks intensities. This implies that the spectrum of ppt-2 ( Figure 2A ) is related to a compound similar to urea, such as urea adduct.
Enhancement of 28, 29, 30, 31 m/z peaks intensities
It is obvious that the intensities of 28, 29, 30, and 31 m/z peaks are enhanced in the spectrum of ppt-2 ( Figure 2A ) relative to their intensities in the urea spectrum ( Figure 2B ). To the knowledge of the author, the assignment of these peaks was not discussed before. It seems that 28, 29, 30, and 31 m/z peaks could be assigned to CO, CHO, CH 2 O and CH 3 O, respectively. This assignment could be explained by the reaction of a carbamoyl radical ion (44m/z) with hydrogen atom donor (H-D) such as hydrogen peroxide (scheme3): NMR 1H -NMR of aqueous hydrogen peroxide was studied by Ned et al [26] . They reported that hydrogen peroxide produces a signal around 10-11 ppm, depending upon the solvent molecules and hydrogen peroxide concentration. However, Ohkubo et al. recorded the hydrogen peroxide signal at < 9 ppm [27] . To the knowledge of the author 1H-NMR spectrum of UHP has not yet been reported.
The 1H-NMR spectra of ppt-1 and ppt-2 in DMSOd6 are shown in (Figure 3 ), A and B respectively. Results from a comparative investigation of these spectra indicates the appearance of new signals as well as a downfield shift of urea proton signal. These two new signals at 6.78 and 8.5 ppm are minor but indicative. It was reported that upfield and downfield shift of the protons concerning the NH 2 group is due to the formation of new complexes [29] . Therefore, H -bonding moves amide proton signal downfield [28] . In the free urea ligand, the only peak at 5.6 ppm is assigned to (4H; 2NH2) four protons of two symmetric amino groups [29] . However, in our case the urea proton signal appeared at 5.3 ppm (Figure 3 .A), and this could be attributed to the presence of H 2 O in ppt-1 in the form of urea monohydrate (see -EDS section). When comparing the ppt-1 spectrum ( Figure 3A ) with that of ppt-2 ( Figure 3B ), it is obvious that, the urea protons signal in (Figure 3 .A) (5.3ppm) is downfield shifted (5.5ppm) in the ppt-2 spectrum ( Figure  3 .B) suggesting the formation of hydrogen bonding [30] . Moreover, it was stated that |Δδ| > 0.2 ppm is considered as a significant value [31]. In our case the shift of urea protons signal can be attributed to changes in the electronic environment, i.e., an increase in deshielding of the urea protons as a consequence of the H-bonding [32] . Other new signals in the ppt-2 spectrum, at 6.78 and 8.5 ppm are probably due to H 2 O 2 [27] . This concept is confirmed by the 1H-NMR study of acetone and hydrogen peroxide reaction, which includes a similar spectrum [33] . As mentioned above, urea can participate in hydrogen bonding with oxygen atoms which can accept a proton, whereas the nitrogen atoms can donate and accept a proton of N-H bonds [18] . Consequently, hydrogen peroxide can play the role of proton donor and urea as proton acceptor and vice, versa. This behavior is similar to that of water, which plays the role of strong acceptor and a relatively weak donor of hydrogen bonds [34] . It can be concluded from NMR H-D exchange experiment that, if a signal disappears immediately after addition of D 2 O, it is likely that the corresponding proton is not involved in a H-bond and vice versa [30] . In our case, upon shaking ppt-2 sample with D 2 O, the signal at 8.5 ppm declines and disappears from the spectrum, on the other hand the signal at 6.78 ppm persists but become smaller ( Figure 3C ). Therefore, it is likely that the later signal (6.78 ppm) corresponds to protons which participate in a stable H-bond [30] . These protons could be related to H 2 O 2 (proton donor).
On the other hand, the signal at 8.5 ppm, which disappeared after D 2 O shake, can be assigned to free H 2 O 2 , which is present at a smaller ratio. Table ( 2) shows the effect of D 2 O on the signal integration values at 5.5 and 6.78 ppm of ppt-1 and ppt-2 1H-NMR spectra. The data presented in Table ( 2) indicate that upon addition of D 2 O to ppt-2 sample signal integration values at 6.78 ppm increased, on the other hand that for signal at 5.5 ppm decreased. This observation can be attributed to that, the signal at 5.5 ppm is related to protons easily exchanged with deuterons relative to the protons of 6.78 ppm signal. Therefore, it is likely that the later signal (6.78 ppm) corresponds to protons which participate in a stable H-bond [30] . Table ( Raman spectroscopic studies Raman spectroscopy is considered a powerful technique for the detection of changes formed upon hydrogen bond formation. As a matter of fact, the dipole moment, P, induced in a molecule by an external electric field is proportional to the intensity of this field, E
P = α E
Where, the proportionality constant α is the polarizability of the molecule. It is well known that Raman scattering occurs because a molecular vibration can change the polarizability of the molecule. This change is described by the polarizability derivative, dα/dQ, where Q is the normal coordinate of the vibration i.e., the amplitude of the nuclear motion. Moreover, the scattering intensity is proportional to the square of the polarizability derivative ‫|‬δα/δQ‫|‬ 2 [35] . It is worth mentioning that a previus study referred to that, ground state polarization and dipole moment of the UHP are higher than urea due to the presence of H-bonded H 2 O 2 ( Moreover, a preliminary study reveals that second -order nonlinear optical activity (NLO) behavior of UHP is better than urea due to self-assembly of two or more molecular components in the former. Accordingly, the degree of charge separation in UHP increases due to the presence of hydrogen bonded H 2 O 2 [7] . These findings are important to take into consideration when studying data obtained from our Raman spectra. As a matter of fact, the Raman spectrum of hydrogen peroxide is mainly characterized by O-O stretch between 800 and 1000 cm- 1 [33]. Moreover, O-H Vibration of hydrogen peroxide is characterized by a peak at 3593 cm -1 (OH-stretch) [33] . To the best of our knowledge, Raman spectral study of UHP has not been yet studied. On the other hand, the Raman spectrum of crystalline urea was studied by several authors [19, 38] , as well as urea aqueous solutions [39] . From these considerations it seems fair to expect that the Raman spectrum of UHP can be differentiated from that of urea by: (a) Higher intensity of particular peaks due to the higher polarization of UHP relative to urea [40] . 
Raman spectral studies on solid residues (SR)
The Raman spectra of ppt-1 and ppt-2 at 298K are shown in Figure (4) A and B , respectively. Table (4) lists the absorption bands and their assignments of ppt-1 and ppt-2 spectra. Accordingly, ppt-2 spectrum shows certain characteristic differences from that of ppt-1. These differences are qualitative (shift of the characteristic band maxima), as well as quantitative (different intensities of the corresponding bands and a variation in the shape of some bands). The variation in both intensity, and position of bands on passing from ppt-1 to ppt-2 spectra, can be used as an indication for hydrogen-bonding interactions [41] between urea and other species. [42] that some Raman spectral bands of proton-donor molecules exhibit a blueshift, whereas for the proton-acceptor molecules a red-shift was exhibited. Accordingly, in our case minor red or blue bands shifts were observed for all the bands in ppt-2 spectrum, relative to their position in that of ppt-1. It should be mentioned that similar minor values of Raman band shifts were reported in literature [43] . Urea can behave as a proton donor,via the N atoms, and a proton acceptor via the O and N atoms [18] . The bands between 3241 and 3431cm -1 were attributed to the symmetric and antisymmetric N-H stretching modes of urea [19] . In our case, the red shifted bands, 10-12, can be assigned to N-H stretch vibration of urea in which the N atom behaves as a proton acceptor. Whereas, the blue shifted band 9 could be assigned to N-H stretch vibration of urea in which N atom behaves as a proton-donor [42] . Moreover, bands 6 (red shifted) and 8 (blue shifted) correspond to stretching modes of hydrogen bonded and free C=O group in urea molecules, respectively [19] .
Red and blue shifts
As mentioned above, [42] . Therefore, the band due to O-O stretching mode could be blue shifted (H 2 O 2 is almost a proton donor) due to an adduct formation and consequently may be masked or overlapped by the band centered in the range 1010 -1011 cm -1 . Unfortunately, the OH stretching mode range in our spectra is occupied by the NH stretching vibrational bands of urea, which means that, the band due to OH stretching mode of H 2 O 2 , if present, will be masked by the NH stretching bands. Figure 4A and B respectively) A comparison of the relative intensity (height) of bands in both ppt-1 and ppt-2 spectra ( Figure 4A and B respectively) is shown in Table (5) . Band-2 height was used as the reference to determine the relative Raman intensity. It is worth to mention that the peak heights were measured from the peak apex to the intersection with the artificial baseline [45] .
Variation of the relative band intensity ratios between of ppt-1 and ppt-2 Raman spectra (
Table (5) Relative bands intensities (heights) in the Raman spectra of ppt-1 and ppt-2
( Figure 4A and B respectively) ppt-1 spectrum ppt-2 spectrum It is apparent from Table (5) that there are relative intensity variations for all bands on passing from ppt-1 to ppt-2 spectra. In general, the band intensities of ppt-2 are higher than those of ppt-1, especially > 3000 cm -1 . Not only the intensities changed but also the shape of bands in this range ( Figure 5 ).
It is worth mentioning that changes in the shape and intensity of the bands in the Raman spectra provides an evidence for complex formation, including the formation of H-bonding [41] .
Raman spectral studies on UAS
The Raman spectra of urea were studied in aqueous solutions by several authors [39, 46] . The spectrum of crystalline urea shows certain characteristic differences when compared with that of its aqueous solutions. Red and blue shifts, as well as intensity changes were observed on passing from the crystal to aqueous solution. These differences are, of course, due to the large influence of the highly polar solvent on the solute [38] . The Raman spectra of unirradiated (UNS) and irradiated (IRS) 6M UAS are shown in Figure  (6 ). The proposed band assignments are given in Table (6) .
Figureure (7) shows a selected region (500 -1000 cm -1 ) of the Raman spectra of unirradiated (UNS) (A), and irradiated (IRS) (B) 6M UAS. When the spectra in Figure (7 A and B) , are compared, it can be seen that the shape and the location of overlapped bands 2and 3 array (gp2-3) are changed. These bands can be assigned to the out of plane NH 2 bending [47] . The band due to NH bending is red shifted with the increase in intensity upon complexation [48] . That could be attributed to the fact that strong hydrogen bonding leads to covalent bond weakness, and consequently its stretching frequency will be red shifted [49, 50] . Therefore, in our case, the variation of (gp2-3) in both shape and location (red shift) can be assigned to the participation of urea in a complex such as a hydrogen bonding adduct [41] .
As mentioned earlier, the presence of H 2 O 2 is indicated by the presence of bands in the range 800 -1000 cm -1 for O-O stretching mode [33] and in the range 3000-3600 cm -1 for OH stretching mode [33, 44] . Therefore, in Figure ( 7B) the band due to O-O stretching is assumed to be masked by bands-2 and -3 region. In addition, the overlapped bands in the range 3000-3600 cm -1 are due to N-H and O-H stretching vibration of urea and water respectively [44] . Moreover, the hydroxyl stretching modes of strong hydrogen bonds occur below 3420 cm -1 [51] . Therefore, in our case, if H 2 O 2 is present and hydrogen bonded to urea, its corresponding hydroxyl stretching band will be included in (gp7-9). It is worthy of notice that a change could be observed in the shape and location of this array of bands (Figure 8 A and B) . This change can indicate the presence of a new band (or bands).
The band intensities and locations (shift) in both spectra of unirradiated (UNS) (Figure 6 A), and irradiated (IRS) (Figure 6 B) 6M urea aqueous solution will be discussed in detail subsequently.
Red and blue shifts
Blue and red shifts were observed for all bands in the Raman spectrum of IRS relative to their positions in URS spectrum. In a hydrogen bonding system, Raman spectral bands of proton-donor molecules present a blue-shift, whereas for the proton-acceptor molecules, they present a red-shift [39, 47] . It should be mentioned that similar minor values of band shifts were reported in literature [43] . Bands frequencies and attributions of UNS and IRS spectra, as well as the values of red and blue shift for each band are shown in Table ( Variation of the relative band intensity ratios between of UNS and IRS Raman spectra ( Figure 6A and B respectively) The band intensities (relative heights) of all bands of UNS and IRS spectra ( Figure 6 ) are presented in Table (7) . The height of band-4 was used as the reference for the determination of bands relative intensities (height). It is worthy of notice that the peak heights were measured from the peak apex to the intersection with the artificial baseline [45] .
When the data in Table (7) are compared it can be seen, generally, that, there is an increase in the Raman band intensities of IRS spectrum (Figure 6 B) relative to that of UNS (Figure 6 A).
Urea enhancement of hydrogen peroxide formation
During ɤ-radiolysis of water, hydrogen peroxide is mainly formed by the following reactions [52, 54] 
Consequently, it was reported that the major features of the irradiation of urea in aqueous solutions were its low reactivity and its reformation during irradiation, specially, in deaerated condition [53] . 
Conclusion
The present work reports the first investigation concerned with the possibility of UHP formation upon ɤ -irradiation of UAS. EDS data indicate that the oxygen content of ppt-2 is greater than that of ppt -1 . This observation indicates that, upon radiolysis of UAS an oxygen-rich compound is formed. Accordingly, it is required to answer a question; could this oxygen-rich compound be urea peroxide?. Mass spectrum of ppt-2 evinces the base peak at m/z 16 (O + ), as well as, m/z 61 (M+1) is more abundant than m/z 60 (urea -parent ion). These data point to the presence of a compound which liberates atomic oxygen. Also, the enhancement of m/z 61 (M+1) peak relative to m/z 60 (M) indicates the presence of hydrogen or proton donor with urea. For the same reason i.e., the presence of hydrogen or proton donor, the intensities of 28, 29, 30, and 31m/z increased in ppt-2 spectrum relative to urea spectrum. Moreover, m/z 33 and m/z 34, due to HO 2 + and H 2 O 2 + were detected, respectively in ppt-2 spectrum, indicating the presence of H 2 O 2 . H-NMR spectrum of ppt-2 differ from that of ppt-1 in both signal positions (chemical shift) and the appearance of new signals. This observation can be due to complex formation, such as hydrogen bonding. Moreover, the appearance of two signals at 6.78 and 8.5 ppm in ppt-2 spectrum is related to the formation of a new compound. As a matter of fact, hydrogen peroxide forms adduct with urea via hydrogen bonding. Consequently, the signal at 6.78 ppm could be assigned to hydrogen bonded H 2 O 2 and the downfield signal (8.5ppm) could be assigned to free hydrogen peroxide. This interpretation is based on the disappearance of this signal (8.5 ppm) upon D 2 O shake experiment of ppt2 sample, while the persistence of the upfield signal (6.8ppm). The persistence of 6.8 ppm signal after D 2 O shake experiment could be related to protons engaged in hydrogen bonding, where, complexation, such as, hydrogen bonding hinders H/D exchange. Raman spectra, of irradiated and unirradiated urea samples, differ qualitatively (shift of the characteristic band maxima), as well as, quantitatively (different intensities of the corresponding bands and band shape variation). These differences can be attributed to the engagement of urea in hydrogen bonding with another molecular species, such as hydrogen peroxide. Unfortunately, the band due to O-O stretch (800 1000cm-1) in both ppt-2 and IRS spectra may be masked by N-C stretch band (centered at ≈ 1000 cm-1). Moreover O-H stretch band of hydrogen peroxide could be masked by group of overlapped bands > 3000cm-1, in both of ppt-2 and IRS spectra.
Finally, the following facts should be taken in consideration before reporting the conclusion:
1-Urea tends to form adduct with hydrogen peroxide. 2-Ionizing radiation induces formation of hydrogen peroxide in aqueous solution. 3-Urea can enhance the formation of hydrogen peroxide during ɤ -radiolysis of aqueous urea solution. 4-γ -radiolysis of aqueous urea solution at ambient temperature fulfils the presence of hydrogen peroxide and urea in a circumstance quite similar to that reported for the formation of urea peroxide. Therefore, it could be concluded that the formation of urea -hydrogen peroxide adduct in gamma irradiated UAS is possible and could not be ruled out.
